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ABSTRACT 
The s o l a r  p ro ton  event  of  February 5 ,  1965 was observed i n  t h e  
p o l a r  r eg ions  wi th  d e t e c t o r s  aboard 1963 38C. The i n i t i a l  d e t e c t i o n  of  
p ro tons  occurred  du r ing  t h e  pas s  a t  1914 UT, February 5 and t h e  maximum 
i n t e n s i t y  of 115 cm-2sec-1 f o r  Ep 2 25 Mev was seen  du r ing  t h e  pas s  a t  
2103 U T ,  February 5 .  The t i m e  h i s t o r y  of t h e  low energy p ro tons  
(E 2 1 t o  2 MeV) w a s  cons ide rab ly  more complex t h a n  t h a t  of t h e  h i g h e r  
energy  p a r t i c l e s .  The maximum observed i n t e n s i t y  (E 2 2 MeV) w a s  
e q u a l  t o  775 cmq2sec-l  a t  0232 UT, February 6 and a second maximum w a s  
observed fo l lowing  t h e  o n s e t  of t he  magnet ic  s torm on February 6 .  The 
d e t a i l e d  d i s c u s s i o n  of t h e  low energy pro ton  behavior  i s  t aken  up i n  t h e  
companion p a p e r .  For t h e  h i g h e r  ene rg ie s  t h e  p a r t i c l e  f l u x  decayed 
approximate ly  e x p o n e n t i a l l y  i n  time w i t h  t h e  s h o r t e r  " l i f e t i m e s "  asso-  
c i a t e d  wi th  t h e  h i g h e r  e n e r g i e s .  An a t tempt  t o  f i t  t h e  t ime h i s t o r y  
w i t h  d i f f u s i o n  theo ry  u s i n g  a d i f f u s i o n  c o e f f i c i e n t  of t h e  form D = M r p  
was  moderately s u c c e s s f u l  f o r  E 2 25 MeV. The spectrum showed a 
( n e a r l y )  monotonic s o f t e n i n g  wi th  t ime and a power law g e n e r a l l y  provided 
a b e t t e r  approximation t o  t h e  spectrum than  d i d  an exponen t i a l  form. 
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INTRODUCTION 
The importance 2 s o l a r  f l a r e  which occurred  a t  1750 UT on 
February 5 ,  (Solar-Geophysical  Data, 1965) produced s o l a r  p r o t o n s  
which were observed by s a t e l l i t e  1963 38C and by a number of o t h e r  
s p a c e c r a f t  i n c l u d i n g  IMP 2 (O'Gal lagher  and Simpson, 1966; F. B .  
McDonald, p e r s o n a l  communication), 1964 45A ( P a u l i k a s  e t  a l ,  1966) 
and Mariner 4 and I N J U N  4 ( S .  M. Kr imigis  and J .  A. Van A l l e n ,  1967).  
I n  t h e  p r e s e n t  paper  t h e  temporal  development of t h e  event  as seen  by 
1963 38C i n  t h e  p o l a r  r e g i o n s  i s  d e s c r i b e d  and comparisons w i t h  o t h e r  
o b s e r v a t i o n s  a r e  made. P a r t i c u l a r  a t t e n t i o n  i s  p a i d  t o  t h e  energy 
dependence of t h e  t ime h i s t o r y  b u t  w i t h  emphasis on t h e  h i g h e r  energy  
(> 10 MeV) p a r t i c l e s .  The d e t a i l e d  d i s c u s s i o n  of t h e  low energy 
(- 1 M e V )  p r o t o n s  i s  r e s e r v e d  f o r  t h e  f o l l o w i n g  paper  (Wil l iams and 
Bostrom, 1967) where comparisons w i t h  Mariner  4 d a t a  show s i g n i f i c a n t l y  
d i f f e r e n t  t ime h i s t o r i e s  and p o s s i b l e  e x p l a n a t i o n s  a r e  put  f o r t h .  
The r e s u l t s  a r e  p r e s e n t e d  f o l l o w i n g  a d e s c r i p t i o n  of t h e  s a t e l l i t e  
and of the d e t e c t o r s  used i n  t h i s  work. 
INSTRUMENTATION 
S a t e l l i t e  1963 38C was launched i n t o  a n e a r l y  c i r c u l a r ,  p o l a r  
o r b i t  a t  -1100 km a l t i t u d e  on September 28, 1963. It i s  m a g n e t i c a l l y  
s t a b i l i z e d  t o  w i t h i n  -5" of  t h e  l o c a l  magnet ic  f i e l d  d i r e c t i o n  and h a s  
been descr ibed  i n  some d e t a i l  by w i l l i a m s  and Smith (1965) .  The 
d e t e c t o r s  used i n  t h i s  s t u d y  were o n l y  mentioned b r i e f l y  i n  t h e  above 
r e f e r e n c e ,  however, s o  t h a t  a d i s c u s s i o n  i s  i n  o r d e r  h e r e .  
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Among t h e  i n s t r u m e n t s  i n  t h e  s a t e l l i t e  a r e  two p r o t o n  s p e c t r o m e t e r s ,  
one looking  p e r p e n d i c u l a r  (e = 90 ' )  and one p a r a l l e l  (0 = 180") t o  t h e  
magnet ic  a l ignment  a x i s .  The p a r a l l e l  u n i t  looks away from t h e  e a r t h  
i n  t h e  n o r t h e r n  hemisphere.  
Each spec t rometer  c o n s i s t s  of two f u l l y  d e p l e t e d  s u r f a c e  b a r r i e r  
s o l i d  s t a t e  d e t e c t o r s  (500 micron t h i c k  x 50 m2 a r e a )  a r ranged  a s  
shown i n  F i g u r e  1. The minimum s h i e l d i n g  i n  any d i r e c t i o n  (except ing  
t h e  a p e r t u r e )  i s  s u f f i c i e n t  t o  s t o p  a 50 Mev p r o t o n .  A d d i t i o n a l  
s h i e l d i n g  i s  provided t o  prevent  pro tons  wi th  E < 100 Mev from e n t e r i n g  
t h e  t e l e s c o p e  i n  t h e  r e v e r s e  d i r e c t i o n .  The permanent magnet which 
serves as p a r t  o f  t h e  c o l l i m a t o r  p r e v e n t s  e l e c t r o n s  of energy less t h a n  
-200 kev from r e a c h i n g  d e t e c t o r  A. A s h e e t  of 0.0005" mylar ,  a luminized 
on b o t h  s i d e s ,  serves as a l i g h t  s h i e l d .  
The o p e r a t i o n  of t h e  spec t rometer  i s  b e s t  expla ined  by r e f e r e n c e  t o  
F i g u r e  2 which shows t h e  ( i d e a l )  response of  t h e  d e t e c t o r s ,  as a f u n c t i o n  
of e n e r g y ,  t o  p r o t o n s  i n c i d e n t  p a r a l l e l  t o  t h e  t e l e s c o p e  a x i s .  D i s -  
c r i m i n a t o r  levels  a t  700 kev,  2 M e V ,  and 8 .5  Mev provide  two p u l s e  
h e i g h t  windows f o r  each d e t e c t o r  ( A  and B ) .  By observ ing  d e t e c t o r  A, 
b o t h  s i n g l y  and i n  co inc idence  wi th  B y  we o b t a i n  f o u r  energy i n t e r v a l s ,  
namely, 0 .7-2.0 MeV,  2 .0-8.2 Mev (8.2 Mev i s  t h e  energy a t  which a 
p r o t o n  p e n e t r a t e s  d e t e c t o r  A w i t h  s u f f i c i e n t  remaining energy t o  t r i g g e r  
t h e  700 kev level  on d e t e c t o r  B ) ,  8.2-25 MeV,  and 25-100 M e V .  The 
e f f e c t  o f  t h e  aluminized mylar i s  n o t i c e a b l e  only  on t h e  lowest  energy 
t h r e s h o l d s  and Table  1 g i v e s  t h e  energy i n t e r v a l s  i n c l u d i n g  t h i s  e f f e c t .  
Although o n l y  t h e  700 kev leve l  on B i s  used i n  de te rmining  t h e  
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presence  o f  a c o i n c i d e n c e ,  t h e  s i n g l e s  rates i n  t h e  "windows" (0.7-2.0 
MeV,  2.0-8.5 MeV) on B are a l s o  recorded .  S i n c e  only  p a r t i c l e s  
e n t e r i n g  through t h e  s h i e l d i n g  produce s i n g l e s  c o u n t s  i n  By t h e  B 
s i n g l e s  rates provide  a measure of  t h e  o m n i d i r e c t i o n a l  background i n  
t h e  low energy channels  P1  and P2. The background measurement i s  n o t  
p r e c i s e l y  1:l because of  s m a l l  d i f f e r e n c e s  i n  s h i e l d i n g  and e l e c t r o n i c s  
f o r  d e t e c t o r s  A and B y  and depends somewhat on t h e  a n g u l a r  d i s t r i b u t i o n  
of  t h e  p e n e t r a t i n g  p a r t i c l e s .  Channels 1 and 5 (see Table  1 )  are a l s o  
s u s c e p t i b l e  t o  background from e l e c t r o n s  w i t h  energy 2 700 kev.  
e l e c t r o n  d e t e c t i o n  e f f i c i e n c y  i s  low (5 5%) b u t  must be c o n s i d e r e d  i n  
some s i t u a t i o n s .  For  t h e  p r e s e n t  s t u d y ,  t h e  e l e c t r o n  spec t rometer  
(Williams and Smith,  1965) aboard i n d i c a t e s  t h a t  e l e c t r o n s  do n o t  
c o n t r i b u t e  t o  t h e  p r o t o n  s p e c t r o m e t e r  c o u n t i n g  ra te .  
The 
The s e n s i t i v e  ( a p e r t u r e )  area f o r  channels  1 t o  4 i s  0 . 3 1  cm2 and 
t h e  acceptance cone h a s  a h a l f - a n g l e  of  10.1" f o r  channels  1 and 2 (AB) 
and 6 . 9 "  f o r  channels  3 and 4 (AB) ,  y i e l d i n g  t h e  geometr ic  f a c t o r s  
g iven  i n  Table  1. 
The o t h e r  d e t e c t o r s  used i n  t h i s  work are a set  o f  t h r e e  omni- 
d i r e c t i o n a l  d e t e c t o r s  each c o n s i s t i n g  o f  a L i - d r i f t e d  s o l i d  s t a t e  
d e t e c t o r  i n  t h e  form of a cube 1 .4  mm on a s i d e  and a h e m i s p h e r i c a l  
a b s o r b e r .  The t h r e e  d e t e c t o r s  are mounted on t h e  end o f  t h e  s p a c e c r a f t  
w i t h  a c l e a r  view over  2 7  s t e r a d i a n s ,  symmetrical about  8 = 180" ( i . e . ,  
upward i n  t h e  n o r t h e r n  hemisphere) .  The minimum s h i e l d i n g  o v e r  t h e  
remaining hemisphere w i l l  s t o p  p r o t o n s  w i t h  E > 50 MeV,  i n  f a c t  
c o n s i d e r a b l y  g r e a t e r  when t h e  s a t e l l i t e  s t r u c t u r e  i s  t a k e n  i n t o  account .  
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The e l e c t r o n i c s  a s s o c i a t e d  w i t h  each d e t e c t o r  c o n s i s t s  of  a charge-  
s e n s i t i v e  p r e a m p l i f i e r ,  v o l t a g e  a m p l i f i e r ,  and an  i n t e g r a l  d i s c r i m i n a t o r  
se t  a t  -250 kev.  Thus, except  f o r  edge e f f e c t s ,  t h e  d e t e c t o r s  a r e  
s e n s i t i v e  t o  a l l  p a r t i c l e s  above t h e  t h r e s h o l d  set by t h e  combination 
of  a b s o r b e r  t h i c k n e s s  and d i s c r i m i n a t o r  level.  The p e r t i n e n t  f a c t s  are 
p r e s e n t e d  i n  Table  1 f o r  each d e t e c t o r  a long  w i t h  t h e  c a l c u l a t e d  geo- 
met r ic  f a c t o r .  
The average g a l a c t i c  cosmic ray  c o u n t i n g  rates o b t a i n e d  from f o u r  
p a s s e s  (L 2 10) on February 4 ,  1965 f o r  d e t e c t o r s  A, B y  and C y  were 
0.237 - + 0.019,  0 .214 - + 0.025,  and 0.212 - + 0.025 c o u n t s  p e r  second 
r e s p e c t i v e l y .  Using t h e  c a l c u l a t e d  geometr ic  f a c t o r  one o b t a i n s  a 
cosmic r a y  f l u x  (E 
i s  a c t u a l l y  t h e  sum o f  t h e  pr imary cosmic r a y  f l u x  and d i r e c t  and 
r e e n t r a n t  a lbedo .  It i s  q u e s t i o n a b l e  whether  r e e n t r a n t  a lbedo  should 
be c o n s i d e r e d  i n  t h e  p o l a r  r e g i o n s  but  s i n c e  t h e  two a r e  not  e a s i l y  
s e p a r a t e d ,  we f o l l o w  t h e  example of Lin e t  a1 (1963) i n  which they  
measured t h e  a lbedo  t o  be 0.59 J p ,  where Jp i s  t h e  p l a n e t a r y  cosmic r a y  
f l u x  t a k i n g  i n t o  account  t h e  s h i e l d i n g  of t h e  e a r t h .  
0 . 7 7  JIP, where JIp i s  t h e  f l u x  i n  i n t e r p l a n e t a r y  space .  The v a l u e  of  
JIp f o r  t h i s  periodwof t ime was measured by Mariner 4 (H.  R. Anderson, 
p e r s o n a l  communication) t o  be approximately 4 .2  crn'2sec-1. 
above albedo convers ion  f a c t o r  and e a r t h  s h i e l d i n g  c o r r e c t i o n  t o  t h e  Mariner  
4 measurement y i e l d s  f o r  an 1100 km a l t i t u d e  J - 3.2 cm s e c  and a 
t o t a l  (1 .59 Jp) f l u x  of -5 .1  ~ r n - ~ s e c - ~ .  
d i s c r e p a n c y  between our  measured va lue  and t h e  c o r r e c t e d  i n t e r p l a n e t a r y  
> 25 MeV) of -7.3 cm'2sec-1. The n e a r  e a r t h  f l u x  P 
A t  1100 km Jp z 
Applying t h e  
N - 2  -1 
P 
We c o n s i d e r  t h i s  43  p e r c e n t  
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f l u x  t o  be i n d i c a t i v e  o f  t h e  u n c e r t a i n t y  i n  t h e  geometr ic  f a c t o r ,  and 
i n  f a c t ,  f e e l  t h a t  t h e  a b s o l u t e  o m n i d i r e c t i o n a l  f l u x e s  of  s o l a r  p ro tons  
are known on ly  t o  w i t h i n  a f a c t o r  o f  two. N e i t h e r  t h e  p r o t o n  s p e c t r o -  
meter nor t h e  o m n i d i r e c t i o n a l  d e t e c t o r s  can  d i s t i n g u i s h  p r o t o n s  from 
o t h e r  heavy i o n s .  
DATA REDUCTION 
I n  t h i s  s e c t i o n  we d e s c r i b e  t h e  methods o f  s e l e c t i n g  and c o r r e c t i n g  
t h e  d a t a  used t o  o b t a i n  t h e  f l u x e s  g iven  l a t e r .  F i g u r e  3 shows t h e  
omnid i r ec t iona l  d e t e c t o r  A (Ee 2 280 kev ,  Ep 2- 2 . 0  MeV) coun t ing  r a t e  
p l o t t e d  v s .  L f o r  t h r e e  p a s s e s  of  s a t e l l i t e  1963 38C. The f i r s t  p a s s ,  
a t  1959 UT, February  4 shows a t y p i c a l  q u i e t - t i m e  o b s e r v a t i o n  of  t h e  
o u t e r  r a d i a t i o n  zone a t  1100 km a l t i t u d e .  Note t h a t  t h e  coun t ing  r a t e  
d rops  t o  t h a t  a t t r i b u t e d  t o  g a l a c t i c  cosmic r a y s  f o r  L > 9 . 8 .  The 
second pass  a t  0232 UT,  February 6 ,  i s  t h e  one d u r i n g  which t h e  maximum 
low energy p ro ton  f l u x  i s  observed .  The o u t e r  zone p r o f i l e  h a s  changed 
and t h e  high l a t i t u d e  coun t ing  r a t e  c l e a r l y  i n c r e a s e d  by a f a c t o r  o f  
-150 showing t h e  p re sence  of  s o l a r  cosmic r a y s  i n  t h e  p o l a r  r e g i o n s .  
The s h i f t  i n  the p o s i t i o n  of  t h e  o u t e r  zone peak is  a p p a r e n t l y  r e a l  and 
- no t  t h e  r e s u l t  o f  s o l a r  p r o t o n s  p e n e t r a t i n g  t o  L ' s  of  6 o r  7 .  The 
p ro ton  spec t rometer  does no t  i n d i c a t e  a h i g h  i n t e n s i t y  of  s o l a r  p r o t o n s  
a t  t h e s e  L v a l u e s ,  and t h e  e l e c t r o n  spec t romete r  does  show a s imi la r  
d i s t r i b u t i o n  f o r  t rapped  e l e c t r o n s .  The i n c r e a s e  i n  i n t e n s i t y  by more 
than  a f a c t o r  of  2 between L = 32 ( A  78") and L = 38 (A 80") i s  
d i s c u s s e d  i n  Williams and Bostrom (1967).  The t h i r d  p a s s  i s  from 
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February 7 a t  0730 UT some 17 hours  a f t e r  t h e  sudden commencement on 
February 6 .  T h i s  p a s s  i l l u s t r a t e s  t h e  l a r g e  i n c r e a s e  i n  o u t e r  zone 
i n t e n s i t y  which t y p i c a l l y  f o l l o w s  c e r t a i n  t y p e s  of  magnet ic  a c t i v i t y  
(Wil l iams and Smith,  1965).  Because count ing  ra tes  i n  a l l  d e t e c t o r s  
are v e r y  low, a l l  f l u x e s  p r e s e n t e d  a r e  averages  over  t h e  p o l a r  r e g i o n s ,  
d e f i n e d  i n  most c a s e s  as L 2 10 (A 2 70"). F i g u r e  3 shows t h a t  t h i s  
procedure  i s  g e n e r a l l y  v a l i d ,  and i n  a l l  cases t h e  f u l l  complement of 
d e t e c t o r s  has  been used t o  v e r i f y  t h a t  t h e  averages  are n o t  contaminated 
b y ( o u t e r  zone) e l e c t r o n s .  
The f i r s t  s t e p  i n  c o r r e c t i n g  t h e  d a t a  i s  t h e  s u b t r a c t i o n  of t h e  
average  count ing  r a t e  due t o  g a l a c t i c  cosmic r a y s  i n  a l l  c h a n n e l s ,  as 
determined from q u i e t - t i m e  p a s s e s  preceding  and f o l l o w i n g  t h e  e v e n t .  For  
p r o t o n  spec t rometer  channels  3 and 4 and € o r  t h e  o m n i d i r e c t i o n a l  d e t e c t o r s ,  
t h i s  i s  t h e  only  background c o r r e c t i o n  r e q u i r e d .  Channels 1 and 2 of  
t h e  p r o t o n  s p e c t r o m e t e r ,  however, m u s t  be c o r r e c t e d  f o r  o m n i d i r e c t i o n a l ,  
p e n e t r a t i n g  background. The quie t - t ime cosmic r a y  d a t a  were used t o  
o b t a i n  t h e  r a t i o s  of P1  t o  P5 and P2 t o  P6 f o r  each (90' and 180') 
s p e c t r o m e t e r .  P1  and P2 are s i n g l e s  ra tes  i n  d e t e c t o r  A and P5 and P6 
are s i n g l e s  ra tes  i n  d e t e c t o r  B.  Then t h e s e  r a t i o s ,  t o g e t h e r  w i t h  t h e  
P5 and P6 count ing  rates were used t o  c o r r e c t  t h e  low energy channels  
f o r  each  p a s s .  I n  a l l  t h e  f l u x e s  presented  h e r e  t h e  s t a t i s t i c a l  uncer- 
t a i n t i e s  shown i n c l u d e  t h e  e r r o r  introduced by t h e  background s u b t r a c t i o n s ,  
b u t  do n o t  i n c l u d e  u n c e r t a i n t i e s  i n  geometr ic  f a c t o r  because t h e s e  amount 
t o  a scale u n c e r t a i n t y  and do n o t  s i g n i f i c a n t l y  a f f e c t  t h e  r e l a t i v e  
i n t e n s i t i e s .  Other  e f f e c t s  such as dead  t i m e  c o r r e c t i o n s  and c o r r e c t i o n s  
7 
f o r  a c c i d e n t a l  c o i n c i d e n c e s  are n e g l i g i b l e  f o r  t h e  c o u n t i n g  ra tes  
involved h e r e .  
Data from t h e  two p r o t o n  s p e c t r o m e t e r s  ( e  = go", 180') were analyzed 
s e p a r a t e l y  and no s t a t i s t i c a l l y  s i g n i f i c a n t  d e p a r t u r e s  from an assumed 
o m n i d i r e c t i o n a l  f l u x  o v e r  t h e  upper hemisphere were found. T h e r e f o r e ,  
t h e  d a t a  from t h e  two were averaged t o  improve s t a t i s t i c s .  S e v e r a l  
p a s s e s  dur ing  t h i s  p e r i o d  were observed by t h e  s t a t i o n  a t  Woomera, 
A u s t r a l i a .  
w i t h  t h e  n o r t h e r n  hemisphere p o i n t s ,  b u t  t h e  180" p r o t o n  s p e c t r o m e t e r  
looks toward t h e  e a r t h  and cannot  be u s e d .  The o m n i d i r e c t i o n a l  d e t e c -  
t o r s  also count  lower f o r  t h e  same r e a s o n .  An a l t i t u d e  of  1100 km i n  
t h e  v i c i n i t y  o f  L w  10 w i t h i n  view of  Woomera i m p l i e s  t h a t  l o c a l  p i t c h  
a n g l e s  ,< 50' t o  55" w i l l  n o t  be popula ted ,  assuming t h a t  p a r t i c l e s  
which p e n e t r a t e  t o  100 km are l o s t  i n  t h e  atmosphere.  
These s o u t h e r n  hemisphere d a t a  appear  t o  f i t  q u i t e  w e l l  
C o r r e c t i n g  t h e  o m n i d i r e c t i o n a l  d e t e c t o r s  f o r  t h i s  e f f e c t  i n t r o d u c e s  
a l a r g e  r e l a c i v e  u n c e r t a i n t y  because t h e  a b s o l u t e  v a l u e  of t h e  geo- 
m e t r i c  f a c t o r  e n t e r s  t h e  c o r r e c t i o n .  Woomera p o i n t s  are t h e r e f o r e  
p r e s e n t e d  both u n c o r r e c t e d  and c o r r e c t e d ,  assuming t h a t  t h e  s o l i d  a n g l e  
of acceptance i s  e x a c t l y  2rr s t e r a d i a n s ,  t h e  two p o i n t s  b e i n g  connected 
by a dashed l i n e .  
RES'JLTS AND DISCUSSION 
Time History:  A s o l a r  f l a r e  of  importance 2 w a s  observed i n  tku io 
begin  a t  1750 UT,  r e a c h  maximum a t  1810 UT, and end a t  2000 UT on 
February 5 ,  1965. The f l a r e  p o s i t i o n  w a s  8 " N ,  25"W i n  McMath P l a g e  
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N o .  7661 and produced r a d i o  emission of several t y p e s  i n c l u d i n g  type  
I V  (Solar-Geophysical  Data ,  1965). VLF phase p e r t u r b a t i o n s  over  t h e  
p a t h  fr.om J i m  Creek,  Washington t o  Thule,  Greenland were produced by 
t h e  f l a r e  a s s o c i a t e d  e l e c t r o m a g n e t i c  and p a r t i c l e  emiss ions  ( B .  W.  Shaw 
and A. J.  Zmuda, p e r s o n a l  communication). E n e r g e t i c  P r o t o n s  were 
observed i n  t h e  v i c i n i t y  o f  e a r t h  by IMP 2 which w a s  i n  t h e  magneto- 
s p h e r i c  t a i l  r e g i o n  n e a r  t h e  a n t i s o l a r  d i r e c t i o n  a t  a d i s t a n c e  ,> 1 2  
e a r t h  r a d i i  and by Mariner  4 which was -3700 Re from e a r t h  and 
approximately 9" from t h e  a n t i s o l a r  d i r e c t i o n .  The o n s e t  t imes  f o r  
Ep ,> 30 Mev were approximately 1840 UT - + 10 minutes  f o r  bo th  IMP 2 
(F.  B.  McDonald, p e r s o n a l  communication) and Mariner  4 (Krimigis  and 
Van A l l e n ,  1967).  The n e a r  e a r t h  h igh  l a t i t u d e  s a t e l l i t e s  1963 38C, 
1964 45A ( P a u l i k a s  e t  a l ,  1966) and I n j u n  4 (Kr imigis  and Van Al len ,  
1967) are unable  t o  e s t a b l i s h  a p r e c i s e  o n s e t  t i m e  i n  t h e  p o l a r  r e g i o n s .  
The f i r s t  o b s e r v a t i o n  of  h i g h  energy (> 25 MeV) p r o t o n s  by 1963 38C was 
d u r i n g  a p a s s  which began a t  1914 UT, February 5 ,  1965. The PCA event  
w a s  observed by r i o m e t e r s  a t  Vostok (G. C .  Reid,  p e r s o n a l  communication) 
and McMurdo (A. J .  Masley, p e r s o n a l  communication) A n t a r c t i c a  t o  begin 
a t  about  1900 UT.  
The f l u x e s  observed by 1963 38C a r e  p r e s e n t e d  i n  F i g u r e  4 along 
w i t h  t h e  PCA da ta  from McMurdo and Vostok and 3 hour  Kp i n d i c e s  f o r  t h e  
p e r i o d .  The times of t h e  f l a r e  and of  t h e  sudden commencement which 
o c c u r r e d  some 20 h o u r s  a f t e r  t h e  f la re  are a l s o  i n d i c a t e d .  For t h o s e  
d a t a  p o i n t s  wi thout  e r r o r  b a r s ,  t h e  s t a t i s t i c a l  u n c e r t a i n t i e s  a r e  
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w i t h i n  t h e  s i z e  o f  t h e  symbol. Only d e t e c t o r  OA counts  s i g n i f i c a n t l y  
above cosmic r a y  background d u r i n g  February 8 and 9 .  A l l  f l u x  v a l u e s  
a r e  p o l a r  cap averages  obta ined  i n  t h e  manner d e s c r i b e d  p r e v i o u s l y .  
Of p a r t i c u l a r  i n t e r e s t  i s  t h e  very  d i f f e r e n t  t i m e  behavior  of t h e  
s e v e r a l  energy groups observed.  For  Ep > 25 MeV ( d e t e c t o r s  OC and P4) 
t h e  maximum f l u x  was observed d u r i n g  t h e  p a s s  a t  2103 UT on February 5 
and a p p a r e n t l y  decreased  monotonica l ly  t h e r e a f t e r ,  fo l lowing  an  
approximately e x p o n e n t i a l  decay w i t h  a mean l i f e  of -9.6 h o u r s ,  i n  
q u i t e  good agreement w i t h  P a u l i k a s  e t  a1 (1966) who measured 11.6 h o u r s  
f o r  E > 20 M e V .  Because of r e l a t i v e l y  i n f r e q u e n t  sampling by t h e  
near  e a r t h  s a t e l l - i t e s  t h e  t i m e s  of maximum i n t e n s i t y  cannot  be de t e r -  
mined e x a c t l y  i n  t h e  p o l a r  r e g i o n s .  However, a c c o r d i n g  t o  measurements 
by IMP 2 (F. B .  McDonald, p e r s o n a l  communication) t h e  maximum f o r  
E > 30 Mev occurred a t  -2130 UT on February  5 and Geiger c o u n t e r s  
aboard Mariner 4 recorded t h e  peak i n t e n s i t y  a t  about  2200 UT. The 
IMP 2 d a t a  a t  15 Mev (F.  B .  McDonald, p e r s o n a l  communication; 
P 
P 
O'Gallagher and Simpson, 1966) a g r e e  on t h e  t i m e  of  maximum and both  
experiments  show decay on February 6 w i t h  a mean l i f e  of 9 t o  10 h o u r s .  
The PCA d a t a  a r e  i n f o r m a t i v e  f o r  t h e  p o l a r  r e g i o n s  b u t  because of t h e  
complex dependence of a b s o r p t i o n  on t h e  i n c i d e n t  spectrum i t  i s  
d i f f i c u l t  t o  s p e c i f y  t h e  t i m e  of maximum f o r  a p a r t i c u l a r  energy group. 
The r iometer  da ta  do i n d i c a t e  t h a t  r a t h e r  Severe inhomogenei t ies  can 
e x i s t  a t  h i g h  l a t i t u d e s  f o r  p e r i o d s  of h o u r s .  
Detec tor  OB,  s e n s i t i v e  t o  p r o t o n s  w i t h  E > 8 . 4  M e V ,  r e a c h e s  i t s  
P 
maximum count ing  r a t e  d u r i n g  t h e  0232 UT p a s s  on February 6 and a l s o  
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decays monotonica l ly  i f  one i g n o r e s  t h e  h i n t  of a second peak a t  1647 
UT on t h e  same day.  The decay t i m e  i s  -14.4 h o u r s ,  somewhat f a s t e r  
t h a n  t h e  1 6 . 8  hours  r e p o r t e d  f o r  E > 10 Mev by P a u l i k a s  e t  a 1  (1965).  
P 
However, t h e  8.2-25 Mev d e t e c t o r ,  P 3 ,  g i v e s  a clearer i n d i c a t i o n  t h a t  
a second maximum o c c u r s  i n  t h e  i n t e n s i t y  of low energy p r o t o n s ,  and i t  
i s  q u e s t i o n a b l e  whether i t  i s  meaningful t o  d i s c u s s  decay t i m e s  f o r  
-10 Mev p r o t o n s .  Cons ider ing  now t h e  lower e n e r g i e s  as observed by 
d e t e c t o r s  OA, P1, and P2 we f i n d  t h a t  t h e  complex t i m e  s t r u c t u r e ,  
b a r e l y  e v i d e n t  above 8 MeV, i s  obvious f o r  E > 2 MeV. I n  t h e  1 .2-2 .2  
Mev channel  t h e  second peak a t  1647 UT i s  n e a r l y  as i n t e n s e  (-75%) as 
P 
t h e  f i r s t  (keeping i n  mind, however, t h a t  we are sampling r a t h e r  than 
m o n i t o r i n g  c o n t i n u o u s l y ) .  
We have at tempted t o  ana lyze  t h e  temporal  behavior  w i t h i n  t h e  
framework o f  t h e  d i f f u s i o n  model which h a s  been worked o u t  i n  d e t a i l  by 
Kr imigis  (1965). I n  t h i s  model,  which f o l l o w s  one set  f o r t h  by P a r k e r  
(1963) ,  t h e  d i f f u s i o n  c o e f f i c i e n t  , D i s  of t h e  form 
D = M r p  
where and M may be energy  dependent b u t  are independent  of h e l i o c e n t r i c  
r a d i a l  d i s t a n c e ,  r .  The d i f f u s i o n  e q u a t i o n  w i t h  D i n  t h e  above form 
h a s  been so lved  by Kr imigis  (1965) i n  terms of t h e  d i r e c t i o n a l  p a r t i c l e  
i n t e n s i t y ,  I ,  and, w i t h o u t  reviewing t h e  d e t a i l s ,  t h e  s o l u t i o n  p r e d i c t s  
t h a t  a p l o t  of  ln[I  t(cy+1)/(2-p)vs. t - l  should y i e l d  a fami ly  of  
s t r a i g h t  l i n e s  cor responding  t o  v a r i o u s  c h o i c e s  of  ( a + l ) / ( 2 - e ) .  The 
p a r a m e t e r  CY s p e c i f i e s  t h e  d i m e n s i o n a l i t y  of t h e  space  be ing  used.  The 
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v a l u e  CY = 2 cor responds  t o  s p h e r i c a l  symmetry and w a s  the v a l u e  used by 
K r i m i n i s  i n  comparisons w i t h  exper imenta l  da ta  and t h e  one used h e r e .  
The va lue  of fJ = 0 . 5  y i e l d e d  t h e  b e s t  approximation t o  a s t r a i g h t  l i n e  
f o r  d e t e c t o r  OC (EP > 25 Mev), implying t h a t  t h e  d e n s i t y  of s c a t t e r i n g  
c e n t e r s  f a l l s  o f f  as r- 'I2. 
might  be compared t o  t h e  v a l u e  of 0.66 found by Kr imigis  (1966) f o r  
E 2 55 Mev f o r  t h i s  e v e n t ,  and v a l u e s  of  0.66 and 1 . 0  f o r  Ep > 23 Mev 
found f o r  t h e  e v e n t s  of September 28, 1961 and A p r i l  15,  1963 ( K r i m i g i s ,  
1965).  Attempts t o  apply t h i s  procedure t o  t h e  o t h e r  channels  were 
u n s u c c e s s f u l ,  perhaps because of a p a u c i t y  of d a t a  p o i n t s  and poor 
s t a t i s t i c s ,  b u t  more l i k e l y  because t h e  b a s i c  assumptions o f  t h e  model 
do n o t  ho ld  f o r  t h e  low energy p r o t o n s  i n  t h i s  e v e n t .  
The d a t a  a r e  shown i n  F igure  5 .  T h i s  
P 
The t i m e  behavior  of t h e  low energy p r o t o n s  i s  r e m i n i s c e n t  of 
o b s e r v a t i o n s  made i n  J u l y ,  1961 and February ,  1962 ( P i e p e r  e t  a l ,  1962; 
Zmuda e t  a l ,  1963) and i n  September,  1961 (Van Al len  e t  a l ,  1962) by 
t h e  1.5-15 Mev p r o t o n  d e t e c t o r s  on I n j u n  1. I n  a l l  o f  t h e s e  e v e n t s  
( f o r  which adequate  d a t a  coverage was o b t a i n e d )  t h e  i n t e n s i t y  of  t h e  
low energy p a r t i c l e s  i n c r e a s e d  r a t h e r  s lowly  compared t o  t h e  h i g h e r  
energy p a r t i c l e s ,  and a second i n f l u x  of low energy p a r t i c l e s  appeared 
fo l lowing  t h e  sudden commencement of  t h e  magnet ic  s torm.  T h i s  e v e n t  
does not  show t h i s  phenomenon t o  t h e  same e x t e n t  as t h e  September 28, 
1961 e v e n t ,  where, c o n c u r r e n t  w i t h  t h e  beginning  of t h e  s torm,  an 
i n c r e a s e  by a f a c t o r  of 40 w a s  s e e n  i n  t h e  p o l a r  r e g i o n s  (Van Al len  e t  a l ,  
1962).  Judging from t h e  a d d i t i o n a l  s t r u c t u r e  s e e n  when I n j u n  4 d a t a  a r e  
added t o  t h e  1963 38C d a t a  f o r  t h e  February  5 ,  1965 e v e n t  and comparing 
1 2  
t h e s e  da t a  w i t h  Mariner 4 o b s e r v a t i o n s ,  t h e  r e l a t i v e l y  s imple  p i c t u r e  
of low energy p r o t o n s  b e i n g  contained i n  t h e  v i c i n i t y  of  t h e  expanding 
shock f r o n t  may n o t  apply h e r e  (Williams and Bostrom, 1967).  
The maximum i n t e n s i t i e s  observed by t h e  v a r i o u s  s p a c e c r a f t  are 
l i s t e d  i n  Table  2 a long  w i t h  t h e  times of  peak i n t e n s i t y  and t h e  energy 
i n t e r v a l s  of  t h e  measurements. The two cont inuous  measurements of  
h i g h  energy p r o t o n s  a t  l a r g e  d i s t a n c e s  from t h e  e a r t h  (IMP 2 and 
Mariner  4 )  a r e  i n  good agreement on t h e  t ime of maximum i n t e n s i t y .  The 
a b s o l u t e  f l u x  v a l u e s  f o r  t h e  IMP 2 h i g h  energy channels  were n o t  avail-  
a b l e  t o  u s ,  b u t  there i s  good agreement between t h e  two measurements 
a t  15 MeV. The d iscrepancy  between t h e  IMP and Mariner f l u x e s  r e p o r t e d  
by O'Gallagher and Simpson (1966) i s  a t t r i b u t e d  (by them) t o  a n i s o t r o p y  
o r  s p a t i a l  v a r i a t i o n s .  T h e i r  Mariner d e t e c t o r  i s  o r i e n t e d  t o  look i n  
t h e  a n t i s o l a r  d i r e c t i o n .  The maximum f l u x e s  measured by t h e  t h r e e  n e a r  
e a r t h  s a t e l l i t e s  agree  q u i t e  w e l l  c o n s i d e r i n g  t h a t  t h e  measurements 
were n o t  s imultaneous and s i z a b l e  v a r i a t i o n s  can occur  over  s h o r t  
temporal  and/or  s p a t i a l  i n t e r v a l s  a t  low e n e r g i e s  (Williams and Bostrom, 
1967) and even a t  e n e r g i e s  g r e a t e r  t h a n  10 Mev ( P a u l i k a s  e t  a l ,  1965).  
We must a l s o  c o n s i d e r  t h a t  t h e  low energy measurements of  1963 38C 
and Mariner  4 agree  q u i t e  w e l l  f o r  t h e  f i r s t  peak e a r l y  on February 6 .  
U n f o r t u n a t e l y ,  we do n o t  have d a t a  d u r i n g  t h e  t i m e  o f  t h e  maximum 0 . 5  - 
11 Mev i n t e n s i t y  seen  by Mariner  4 a t  0900 UT on February 7 ,  1965, bu t  
t h e  I n j u n  4 d a t a  a v a i l a b l e  do not show a s i m i l a r  maximum (williams and 
Bostrom, 1967).  
1 3  
The Spectrum: 
omnid i r ec t iona l  d e t e c t o r  d a t a  i n  F i g u r e  6 t o  show t h e  i n t e g r a l  energy 
spectrum f o r  each  o f  f i v e  p a s s e s  d u r i n g  t h e  e v e n t .  
are: 
For  convenience i n  d i s c u s s i o n ,  w e  have p l o t t e d  t h e  
The p a s s e s  s e l e c t e d  
2103 U T ,  February 5 - when t h e  maximum i n t e n s i t y  i s  observed 
f o r  Ep 2 25 M e V ;  
0232 UT,  February 6 - when t h e  maximum i n t e n s i t y  i s  observed 
f o r  Ep 2 2 M e V ;  
1331 U T ,  February 6 - j u s t  p r i o r  t o  t h e  sudden commencement a t  
1414 UT; 
1647 U T ,  February  6 - t h e  t i m e  of  t h e  second maximum f o r  low 
energy p a r t i c l e s ;  and 
0730 U T ,  February  7 - some 36 hour s  a f t e r  t h e  f i r s t  obse r -  
v a t i o n  of p a r t i c l e s  i n  t h e  p o l a r  r e g i o n .  
These spectrums a r e  s i m i l a r  t o  t h o s e  p re sen ted  by P a u l i k a s  e t  a1 
(1966) ,  except  t h a t  
changes which occur  
spectrums cannot  be 
d e r i v i n g  v a l u e s  f o r  
are shown i n  F igu re  
and OB were used t o  
they  ex tend  lower i n  energy and show t h e  s p e c t r a l  
a f t e r  t h e  sudden commencement. I n  g e n e r a l ,  t h e  
d e s c r i b e d  by a s imple  f u n c t i o n  bu t  t h e  r e s u l t s  o f  
y from t h e  e q u a t i o n  
J ( E  > Ei) = Jrn Jo E-y dE 
E i  
7 f o r  t h e  p a s s e s  g iven  i n  F i g u r e  4 .  D e t e c t o r s  OA 
o b t a i n  y1 and d e t e c t o r s  OB and OC t o  o b t a i n  y 2 .  I n  
a l l  c a s e s  y is  g r e a t e r  t han  y i n d i c a t i n g  a spec t rum s t e e p e r  t h a n  
power l a w .  The more r a p i d  decay of  t h e  h i g h e r  energy  p a r t i c l e s  i s  
e v i d e n t  from the  i n c r e a s e  i n  t h e  v a l u e  o f  y w i t h  t i m e .  
2 1’ 
14 
0 m 
b 
0 u 
u 
a, u 
a, n 
m 
rl 
1 
P 
a, 
k 
5) 
H 
3 
n 
a, 
Frt 
5)  
E-l 
3 
? 
3 
m 
rl 
A 
0 
m 
rl 
0 
1 
m 
rl 
A 
I O 0  
I o m  
1 4 4  
0 1  I
C O I  I 
I I  
P P P  
a,a,a, 
k k k  
m 5 ) b  
H W H  
3 3 3  
0 0 0  
0 0 0  N m m  
w o o  
? ?  
3si 
m r l  
m r l  
A I  
m 
0 
n 
m 
5) m 
rl 
n 
rl 
(d 
U 
a, 
C 
a, 
rl 
4 
4 
Ll(d 
< d  
:2. 
2 
.I4 
Ll 
I I I I  
I l l 1  
I I I I  
I I I I  
I I I I  
1 1 1 1  
m m m 1  I I I I I 
d O b 1  I I I I I 
4 . 3 - 1  I I I I I 
hl.hlrl rl 
d d . N  N 
. . . .  
I I I I  
" 0 0  m m m m  
0 0 0 0  
. . . .  
n 
31 4
0 0 0 0  
O O O N  
"NO 
N N N O  
n 
\D 
5) m 
rl 
ACKNOWLEDWNTS 
We would l i ke  t o  e x p r e s s  o u r  a p p r e c i a t i o n  t o  D r s .  A. J. Masley 
and G. C. Reid f o r  p r o v i d i n g  t h e  PCA d a t a  shown i n  F i g u r e  4 and t o  
D r .  A. J. Zmuda f o r  h i s  i n t e r e s t  and h e l p f u l  d i s c u s s i o n s .  The INJUN 4 
and Mariner  4 d a t a  were generous ly  s u p p l i e d  by D r s .  S .  M. Kr imigis  and 
J. A. Van A l l e n ,  and IMP 2 d a t a  were made a v a i l a b l e  t o  u s  i n  advance 
of p u b l i c a t i o n  by D r .  F. B. McDonald. 
T h i s  research w a s  suppor ted  i n  p a r t  by t h e  N a t i o n a l  Aeronaut ics  
and Space A d m i n i s t r a t i o n  under  DPR No. R21-009-004(13), and i n  p a r t  by 
t h e  Naval Ordnance Systems Comand, Department of t h e  N a v y ,  under  
c o n t r a c t  NOW 62-0604-c. 
REFERENCES 
Kr imigis ,  S .  M . ,  " I n t e r p l a n e t a r y  d i f f u s i o n  model f o r  t h e  t i m e  behavior  
of  i n t e n s i t y  i n  a s o l a r  cosmic ray e v e n t , "  J .  Geophys. Res., 70, 
2943-2960, 1965. 
K r i m i g i s ,  S .  M . ,  " I n t e r p l a n e t a r y  d i f f u s i o n  and cosmic r a y  modulat ion,"  
Proceedings of  "Recent Advances i n  Cosmic Ray Research" e d i t e d  by 
J .  Gauger and A. J. Masley, Apr i l ,  1966. 
K r i m i g i s ,  S.  M . ,  and J. A. Van Allen,  "Observat ions o f  t h e  s o l a r  
p a r t i c l e  e v e n t  of  5 - 12 February 1965 w i t h  Mariner  4 and I n j u n  4 ,"  
J.  Geophys. Res., - 72, 1967. 
L i n ,  W. C . ,  D. Venkatesan, and J. A. Van Al len ,  " L a t i t u d e  survey o f  
cosmic-ray i n t e n s i t y  by Explorer  7 ,  October 1959 t o  February 
1961," J.  Geophys. Res. ,  68, 4885-4896, 1963 
O'Gal lagher ,  J .  J . ,  and J. A. Simpson, "Aniso t ropic  p r o p a g a t i o n  of  
s o l a r  p r o t o n s  deduced from simultaneous o b s e r v a t i o n s  by e a r t h  
s a t e l l i t e s  and t h e  Mariner  I V  space probe,"  Phys.  Rev. Le t t e r s ,  
- 16,  1212-1217, 1966. 
P a r k e r ,  E .  N . ,  I n t e r p l a n e t a r y  Dynamical P r o c e s s e s ,  I n t e r s c i e n c e  
P u b l i s h e r s ,  New York, 1963. 
P a u l i k a s ,  G.  A , ,  S .  C .  Freden,  and J .  B. Blake,  " S o l a r  p r o t o n  event  
of February 5 ,  1965," J .  Geophys. R e s . ,  2, 1795-1798, 1966. 
P i e p e r ,  G .  F . ,  A. J .  Zmuda, C .  0. Bostrom, and B .  J.  O'Brien,  "Solar  
p r o t o n s  and magnet ic  s torms i n  J u l y ,  1961," J .  Geophys. Res., 6 7 ,  
4959-4981 , 1962. -
Solar -Geophys ica l  Data, CRPL-F 247 Par t  B ,  C e n t r a l  Radio Propagat ion  
Labora tory ,  Boulder,  Colorado,  March, 1965. 
Van A l l e n ,  J .  A. ,  S .  M. K r i m i g i s ,  and L. A. Frank,  "Observat ions w i t h  
U n i v e r s i t y  of Iowa equipment on Mariner  I V ,  November 1964- 
February 1965 ( P r e l i m i n a r y  Report) ,"  U. of  Iowa Report  No. 65-5, 
22 February 1965. 
Van Al len ,  J .  A., W. G. V. Rosser, and W. A. Whelpley, " In jun  I- 
Explorer  X I 1  o b s e r v a t i o n s  o f  so la r -cosmic  r a y s  September 28 t o  
October 4 ,  1961," Trans.  Am. Geophys. Union, - 43,  216, 1962. 
Will iams, D. J . ,  and C .  0. Bostrom, "The February 5 ,  1965 s o l a r  p r o t o n  
event :  2. Low energy pro ton  o b s e r v a t i o n s  and t h e i r  r e l a t i o n  t o  
t h e  magnetosphere," J .  Geophys. R e s . ,  1967. 
W i l l i a m s ,  D .  J . ,  and A. M. Smith,  "Daytime t r apped  e l e c t r o n  i n t e n s i t i e s  
a t  h i g h  l a t i t u d e s  a t  1100 k i l o m e t e r s , ' '  J . -&ophys .  Res. ,  2, 
541-556, 1965. 
Zmuda, A .  J . ,  G. F. P i e p e r ,  and C .  0. Bostrom, "So la r  p r o t o n s  and mag- 
n e t i c  s torms  i n  February ,  1962," J .  Geophys. Res . ,  s, 1160-1165, 
196 3 .  
b 
FIGURE CAPTIONS 
Figure  1: 
F i g u r e  2: 
F i g u r e  3: 
F i g u r e  4: 
F i g u r e  5: 
F i g u r e  6:  
F i g u r e  7: 
C r o s s - s e c t i o n a l  view of t h e  1963 38C p r o t o n  s p e c t r o -  
meter. Two of t hese  u n i t s  are aboard t h e  s a t e l l i t e ,  
one each at: 90" and 180" t o  t h e  magnet ic  a l ignment  
axis. 
Response of  500p S i  d e t e c t o r s ,  a r r anged  as shown i n  
F i g u r e  1, t o  normally i n c i d e n t  p r o t o n s .  
De tec to r  OA count ing  rates f o r  t h r e e  h i g h  l a t i t u d e  
p a s s e s .  The h o r i z o n t a l  l i n e s  above L = 10 r e p r e s e n t  
t h e  average  p o l a r  cap c o u n t i n s  r a t e s .  
Average f l u x e s  of s o l a r  p a r t i c l e s  observed above 
L = 10 dur ing  February 5-9,  1965. De tec to r  c h a r a c t e r -  
i s t i c s  are g iven  on t h e  f i g u r e  and PCA d a t a  from 
Vostok and McMurdo are inc luded .  
Comparison of d a t a  from d e t e c t o r  OC (EP 2 25 MeV) w i t h  
d i f f u s i o n  t h e o r y  (Kr imig i s ,  1965). The v a l u e  fl = 0.5  
p r o v i d e s  the b e s t  f i t  t o  t h e  d a t a .  
I n t e g r a l  spectrums de r ived  from t h e  o m n i d i r e c t i o n a l  
d e t e c t o r  f l u x e s  averaged over  L 2 10 f o r  f i v e  p a s s e s  
d u r i n g  t h e  February 5 ,  1965 s o l a r  p ro ton  e v e n t .  
The s p e c t r a l  parameter  y ,  i n  an  assumed power l a w  
spectrum, as de r ived  f r o m t h e  p a i r s  of d e t e c t o r s  OA-OB 
and OB-OC i s  shown f o r  n i n e  p a s s e s  du r ing  February  
5-7,  1965. 
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